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Table 1 Parameters of soil material

Material Thickness/  Density/  Cohesion/ Internal friction Elastic Poisson’s
ateria
cm (grem™) kPa angle/(°) modulus/GPa ratio
Plain fill 130 1.8 6 10 0.0042 0.30
Completely decomposed granite 210 1.9 20 25 0.02 0.24
Sandy strongly weathered granite 620 2.0 30 32 54 0.21
10700
Electricity d ) N [T
cabin |essse.  Integrated cabin
W ITTL .
TS % Gas ~

Gravity Pressurfe pipe
Water pipe sewage pipesewage p1p€ %
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Fig. 1 Underground pipe gallery section( Unit: m)
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Fig.2 Cross section of the explosion center of the model
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Table 2 Parameters for linear polynomial equation of state'”"!

Material p/(kgm?)  CyMPa  C, C, G, C, C, c, E/MIm®) oy,
Air 1.234 0.1 0 0 0 0.400 0.400 0 0.250 1.0
CH,-Air 1.293 0 0 0 0 0.274 0.274 0 3.408 1.0

NI IR EE 3 4% T R VAT T, 0 00 TR Bk 1 A AR 24 2R FH*MAT _PLASTIC_KINEMATIC Bfi 5
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Table 3 Parameters of concrete and steel

Material Density/ Elastic Poisson’s Yield Shear Tensile
(grem™) modulus/GPa ratio strength/MPa  modulus/GPa strength/MPa
Reinforced concrete 2.5 30 0.22 33.8 12.5 3.5
Steel 7.9 220 0.30 314 20 600
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(b) Laying foam aluminum anti-explosion structure
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(c) Laying foam aluminum sandwich anti-explosion structure
5 hik il e
Fig. 5 Overpressure image of shock wave
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Fig. 6 von-Mises stress map of no explosion-proof pipe gallery
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Fig. 7 von-Mises stress map of foamed aluminium explosion-proof pipe gallery
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Fig. 8 von-Mises stress map of composite explosion-proof pipe gallery
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Fig. 9 x-stress of the test point versus time
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Fig. 10 Internal energy versus time
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Fig. 11 Kinetic energy versus time
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Anti-Explosion Performance of Different Anti-Explosion Structures
under Gas Explosion in Pipe Gallery

LIU Xiliang"**, LI Ye', WANG Xinyu"**, GURKALO Filip'

(1. School of Civil Engineering, Henan Polytechnic University, Jiaozuo 454000, China;
2. Henan Key Laboratory of Underground Engineering and Disaster Prevention, Jiaozuo 454000, China;
3. International Joint Research Laboratory of Henan Province for Underground Space Development

and Disaster Prevention, Jiaozuo 454000, China)

Abstract: The project of loop pipeline in Pingtan test area is used as the engineering background. To
compare the anti-explosion performance of “foam aluminum” and “steel plate-foamed aluminum-steel plate”
anti-explosion structure under gas explosion, a 3D pipe gallery and soil structure is studied and analyzed by
ANSYS/LS-DYNA. The results show that: the structure closest to the explosion gas on the internal wall is
broken down at first followed by the damaging of the joint structure of interior and exterior wall in the gas
cabin. The stress in the aluminum foam sandwich structure attenuates most quickly. Measuring point peak
stress can be reduced as much as 67.35% by aluminum foam sandwich structure compared with no
explosion-proof structure. Measuring point peak stress is reduced by 43.99% by aluminum foam structure.
The kinetic energy peak value of gallery without anti-explosion is 0.11 kJ. The kinetic energy peak value of
gallery with aluminum foam sandwich is 0.021 kJ. By comparison to the gallery without any explosion-proof
structure, the kinetic energy is reduced by 80.9%. A comprehensive suggestion is that, laying aluminum
foam and aluminum foam core material can reduce the damage of the corridor structure, and the aluminum
foam sandwich structure behaves the best.

Keywords: underground engineering; anti-explosion performance; numerical simulation; pipe gallery;

energy absorbing material

045204-10



